534 Rec'd PCT/PTO 2OOCT2O00 

| Attorney's Docket Number 



TRANSMITTAL LETTER TO THE UNITED STATES 

DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 




International Application. No. 
PCT/JP99/02189 



International Filing Date 
April 23 , 1999 



Title of Invention: ROTOR OF SMALL-SIZED MOTOR 

Applicants For DO/EO/US: 1) Junji SATO, 2) Eikichi SASHIDA, 3) Hideharu MIYAUCHI, 
4.) Yousuke SAKAKIBARA , 5) Hiroshi IKEDA and 6) Eigo HASHIMOTO 



Applicants herewith submit to the United States Designated/Elected Office (DO/EO/US) 
the following items and other information: 



1. [X] 
2 . ! [ ] 



3 . 

4. 
5. 



[ J 

[X] 
[X] 



6JJ! [X] 
7.Q [X] 



8 . 



[ ] 



9. [X] 

10. [ ] 



This is a FIRST submission of items concerning a filing under 35 U.S.C. 371. 
This is a SECOND or SUBSEQUENT submission of items concerning a filing under 
35 U.S.C. 371. 

This express request to begin national examination procedures (35 U.S.C. 371(f) ) 
at any time rather than delay examination until the expiration of the applicable 
time limit set in 35 U.S.C. 371(b) and PCT Articles 22 and 39(1). 
A proper Demand for International Preliminary Examination was made by the 19th 
month from the earliest claimed priority date. 

A copy of the International Application as filed (35 U.S.C. 371(c) (2)) 

a. [ ] is transmitted herewith (required only if not transmitted by the 

International Bureau) . 

b. [x] has been transmitted by the International Bureau. 

c. [ ] is not required, as the application was filed in the United States 

Receiving Office (RO/US) . 
A translation of the International Application into English (35 U.S.C. 371(c) (2)) . 
Amendments to the claims of the International Application under PCT Article 19 
(35 U.S.C. 371(c) (3) ) . 

a. [ ] are transmitted herewith (required only if not transmitted by the 

International Bureau) . 

b. [ ] have been transmitted by the International Bureau. 

c. [ ] have not been made; however, the time limit for making such 

amendments has NOT expired. 

d. [X] have not been made and will not be made. 

A translation of the amendments to the claims under PCT Article 19 
(35 U.S.C. 371 (c) (3) ) . 

An oath or declaration of the inventor (s) (35 U.S.C. 371(c) (4)) . 

A translation of the annexes to the International Preliminary Examination Report 
under PCT Article 36 (35 U.S.C. 371(c) (5)) . 



Items 11. to 16. below concern other document ( s ) or information included: 



11. [X] An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 

12. [X] An assignment document for recording. A separate cover sheet in compliance with 

37 CFR 3.28 and 3.31 is included. 

13. [ ] A FIRST preliminary amendment. 

[ ] A SECOND or SUBSEQUENT preliminary amendment. 

14. [ ] A substitute specification. 

15. [ ] A change of power of attorney and/or address letter. 

16. [X] Other items or information: 

a. [ ] Verified Small Entity Statement. 

b. [ ] Copy of Notification of Missing Requirements. 

c. [X] Copy of Cover Page of WIPO Publication (1 sheet). 



TT-S: APPLI 



W873750 



| INTERNATIONAL APPLICA] 

[PCT/JP99/02189 



| 01165.0798 



17. [X] The following fees are submitted: 

Basic National Fee (37 CFR 1. 492 (a) (1) - (5) ) : 

Search Report has been prepared by the EPO or JPO $860.00 

International preliminary examination fee paid to 

USPTO (37 CFR 1.482) $690.00 

No international preliminary examination fee paid to 

USPTO (37 CFR 1.482) but international search fee 

paid to USPTO (37 CFR 1.445(a) (2)) $760.00 

Neither international preliminary examination fee 

(37 CFR 1.482) nor international search fee 

(37 CFR 1.445(a) (2)) paid to USPTO $1,000.00 

International preliminary examination fee paid to USPTO 
(37 CFR 1.482) and all claims satisfied provisions 

of PCT Article 33 (1) - (4) $ 100.00 

... ENTER APPROPRIATE BASIC FEE AMOUNT « 



CALCULATIONS | 
$860.00 



5860.00 



Surcharge of $130.00 for furnishing the oath or declaration later than 

[ ] 20 [ ] 30 months from the earliest claimed priority date 

(37 CFR 1.492 (e) ) . 



Claims 



| Number Filed 



Number Extra 



Rate 



Total Claims 



| 28 -20= 



8 



| X $18.00 



5144.00 



Independent Claims | 3 



| X 580.00 



Multiple dependent claim (s) (if applicable) 



| +5270.00 



TOTAL OF ABOVE CALCULATIONS 



$1004.00 



Redaction by 1/2 for filing by small entity, if applicable. Verified 
Sm&jl Entity statement must also be filed. (Note 37 CFR 1.9, 1.27, 1.28) 



SUBTOTAL 



$1004.00 



Processing fee of $130.00 for furnishing the English translation later 

[ ] 20 [ ] 30 months from the earliest claimed priority date 
(37 CFR 1.492 (f ) ) . + 



TOTAL NATIONAL FEE 



$1004.00 



Fe^jfor recording the enclosed assignment (37 CFR 1.21(h)). The 
assignment must be accompanied by an appropriate cover sheet 
(3 ^5 CFR 3 ' 28 ' 3 ' 31) • 540.00 per property 



$ 40.00 



TOTAL FEES ENCLOSED 



$1044.00 



Amount to be 
refunded 



a. 
b. 

c. 



[x] 
[ 1 

[X] 



charged | 5 



A check in the amount of $1044 . 00 



to cover the above fees is enclosed. 
in the amount of$ 



Please charge my Deposit Account No 

to cover the above fees. A duplicate copy of this sheet is enclosed. 
The Commissioner is hereby authorized to charge any additional fees 
which may be required, or credit any overpayment to Deposit Account 
No. 06-0916. A duplicate copy of this sheet is enclosed. 

The Commissioner is hereby authorized to charge any other fees due under 37 C.F.R. §1.16 
or §1.17 during the pendency of this application to our Degosit Account No. 06-0916. 

SEND ALL CORRESPONDENCE TO: 
Finnegan, Henderson, Farabow 

Garrett & Dunner, L.L.P. 
1300 I Street, N.W. 
Washington, D.C. 20005-3315 
EFC/FPD/sci 





Ernest F. Chapm^rfi^ 
Reg. No. 25 , 961 

Submitted: October 20, 2000 



10 



O 09/6 ?3 756 

CIT-G847 

SPECIFICATION 



JROTOR_O^Siy[ALL-SIZED MOTOR 

TECHNICAL FIELD 

The present invention relates generally to a 
miniature drive unit and, more particularly, to a rotor 
for a miniature electric motor incorporated in, e.g., an 
electronic clock or watch. 



BACKGROUND ARTS 

An electronic clock or watch, such as a quartz 
watch, is provided with a miniature precision electric 
motor as a drive unit* The electric motor, generally 

15 structured as a stepping motor, used in the electronic 
clock includes a rotor with an annular or cylindrical 
permanent magnet and a stator with a coil. The rotor is 
also provided with a shaft concentric with and secured to 
the cylindrical permanent magnet, and a driving toothed 

2 0 wheel generally integrally formed on the shaft. 

In the rotor of a conventional miniature electric 
motor incorporated in, e.g., an electronic clock, a rotor 
shaft is generally fixed in a center through hole formed 
in a rotor magnet by using a bonding material, such as an 

25 adhesive or solder, or by tightly press-fitting the shaft 
into the through hole. In this fixing operation, it is 
required to maintain a concentricity or alignment between 
the shaft and the annular or cylindrical rotor magnet, 
and to ensure a large and stable fixing force for 

30 securing the shaft in a predetermined proper position in 
the magnet. When the rotor shaft is tightly press-fitted 
into the through hole of the rotor magnet, it is also 
required to prevent the magnet from being broken or 
cracked due to the stress concentration, in a region 

35 adjacent to the through hole of the magnet, during the 
pressure-fitting operation of the shaft and for a long 
time after the rotor is completely assembled. 
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One example of the rotor of the conventional 
miniature motor in the electronic clock is disclosed in 
Japanese Unexamined Utility Model Publication (Kokai) 
No. 54-71610 (JP-U-54-71610). This motor rotor includes 
5 a shaft with a toothed wheel and a cylindrical permanent 
magnet with a center through hole for fixing the shaft. 
The rotor shaft is provided with a deformed profile such 
as a prism, and is tightly press-fitted into the 
cylindrical center through hole of the rotor magnet* In 

10 this structure, the shaft is in a local contact with the 
inner cylindrical surface of the magnet in the through 
hole at a part of the outer surface of the shaft, over 
the entire axial length of the through hole. This local 
contact of the shaft with the magnet serves to distribute 

15 a stress concentration into some local regions adjacent 
to the through hole of the magnet, which can prevent the 
magnet from being broken or cracked and also can ensure a 
large fixing force. 

The annular or cylindrical permanent magnet of the 

2 0 conventional miniature motor rotor is generally formed 

from a sintered magnet made from rare-earth elements. A 
sintered permanent magnet normally has high magnetic 
performance, but tends to increase a production cost of a 
small, annular or cylindrical magnet structure. On the 

25 other hand, a permanent magnet with a simply molded 

structure, generally referred to as "a bonded magnet", is 
known to be capable of reducing such a production cost. 
However, when the annular or cylindrical magnet of the 
miniature motor rotor is formed from a bonded magnet, the 

30 mechanical strength of the rotor magnet is reduced in 
comparison with that of the sintered rotor magnet. 
Therefore, in this case, even if a rotor shaft has a 
structure as being described in JP-U-54-71610, the 
distributed stress concentration may cause the bonded 

35 rotor magnet to be broken or cracked during the press- 
fitting operation of the shaft or after the rotor is 
completed . 



JP-U-54-71610 also discloses a bush interposed 
between the rotor shaft and the rotor magnet in the 
through hole, the bush being used to prevent the magnet 
from being broken or cracked. Such a bush is also 
disclosed in Japanese Unexamined Utility Model 
Publication (Kokai) No. 56-71078 ( JP-U-56-71078 ) . 
However, the additional use of the bush increases the 
number of parts of the motor rotor, and may deteriorate 
the productivity of the latter and increase the 
production cost thereof. 

When the rotor shaft is fixed to the through hole of 
the rotor magnet by a bonding material such as an 
adhesive or solder, the shaft can be loosely fitted into 
the through hole, whereby the problems of breaking or 
cracking the magnet can be eliminated and relatively 
large fixing force can be established. However, a 
clearance between the shaft and the magnet in the through 
hole is normally very small in the order of several jam, 
so that the bonding material may overflow from the 
through hole as the shaft is inserted into the latter. 
Therefore, in this solution, it is necessary to carefully 
and precisely apply the bonding material to the very 
small clearance between the shaft and the magnet so as to 
ensure the large and stable fixing force, which may 
prevent mass production of the miniature motor rotor. 

DISCLOSURE OF THE INVENTION 

It is therefore an object of the present invention 
to provide a rotor, used in a miniature electric motor, 
which can be produced with a high structural reliability, 
a high yield and a relatively low cost. 

It is another object of the present invention to 
provide a rotor including an annular or cylindrical 
magnet and a shaft fixed to the magnet, which can prevent 
the magnet from being broken or cracked due to the shaft, 
and can ensure a large and stable fixing force for 
securing the shaft in a predetermined position on the 
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magnet . 

It is further object of the present invention to 
provide a fixing structure, for fixing a shaft to an 
annular or cylindrical magnet, which can be suitably 
5 adopted for a process for producing a rotor having a 
relatively fragile magnet, such as a simply molded or 
bonded magnet. 

In accordance with the present invention, there is 
provided a rotor, for an electric motor, comprising a 
10 magnet having a rotation axis, the magnet being provided 
with a through hole extending coaxially with the rotation 
axis; a shaft fixed concentrically to the magnet, the 
shaft including a portion fitted in the through hole, the 
portion having an axial interengagement length shorter 
15 than an axial length of the through hole; and reinforcing 
means provided at least inside the through hole for 
ensuring a fixing force to securely hold the shaft in a 
predetermined position in the magnet. 

In a preferred aspect of the invention, the magnet 

2 0 comprises an annular magnet material and a coating formed 

on a surface of the magnet material and arranged at least 
inside the through hole, and the reinforcing means 
comprises the coating, the portion of the shaft being 
engaged with the coating in a face-to-face manner. 
25 In this arrangement, it is preferred that the 

coating is made of a metal plating* 

The metal plating may be an electroless plating. 

Also, the metal plating may include at least one of 
a Ni-P electroless plating, a Ni-B electroless plating 

3 0 and a Ni-P-W electroless plating. 

It is preferred that the metal plating has a 

thickness of at least 10 jam. 

Alternatively, the metal plating may include an 
electroless plating base layer and an electroplating top 
35 layer. 

In this arrangement, the electroplating top layer 
may be a Ni electroplating. 
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The electroless plating base layer may have a 
thickness in a range of 0 . 5 jam to 2 . 0 (am. 

Also, the electroplating top layer may have a 
thickness of at least 3.0 jam. 
5 Preferably, the magnet material is made of a bonded 

magnet material. 

In this arrangement, a dimensional relationship 
between the axial interengagement length of the portion 
of the shaft and the axial length of the through hole may 
10 be defined as T/5 U ^ T/2, in which "T" is the through 
hole axial length and "t" is the axial interengagement 
length. 

Also, it is advantageous that, in an arrangement 
that the portion of the shaft is tightly press-fitted in 
15 the through hole of the magnet, an interference of the 
portion in the through hole is in a range of 5 jLim to 
3 0 jum. 

Preferably, the bonded magnet material is vacuum- 
impregnated with a bonding agent or filler. 

2 0 In another preferred aspect of the invention, the 

reinforcing means comprises an adhesive filled in a 
clearance defined between a reminder of the shaft other 
than the portion and the magnet inside the through hole. 
In this arrangement, a dimensional relationship 

25 between the axial interengagement length of the portion 

of the shaft and the axial length of the through hole may 
be defined as T/5 ^ t ^ 4T/5, in which "T" is the through 
hole axial length and "t" is the axial interengagement 
length. 

30 The adhesive may be a thermosetting epoxy resin. 

The magnet may comprise an annular magnet material 
and a coating formed on a surface of the magnet material 
at least inside the through hole, and the reinforcing 
means may further comprise the coating, the portion of 

35 the shaft being engaged with the coating in a face-to- 
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face manner. 

In this arrangement, the coating may be made of a 
metal plating* 

Alternatively, the coating may be made of an organic 
5 substance layer. 

In this arrangement , it is preferred that the magnet 
material is made of a bonded magnet material. 

The magnet may contain rare-earth elements* 
In accordance with the present invention, there is 
10 also provided a method of producing a rotor for an 

electric motor, comprising the steps of (a) forming a 
coating on a surface of an annular magnet material and 
thereby providing a magnet having a rotation axis and a 
through hole extending coaxially with the rotation axis, 
15 the coating being arranged at least inside the through 
hole; (b) providing a shaft including a portion capable 
of being fitted in the through hole; and (c) inserting 
the shaft into the through hole of the magnet and tightly 
press-fitting the portion of the shaft in the through 
2 0 hole, until an axial interengagement length of the 

portion, shorter than an axial length of the through 
hole, is obtained. 

In a preferred aspect of the invention, the magnet 
material may be made of a bonded magnet material, the 
25 coating may be a metal plating, and the method may 

further include a step of vacuum- impregnating the bonded 
magnet material with an adhesive before the step of 
forming the coating. 

An interference of the portion in the through hole 
30 may be adjusted by changing a thickness of the coating. 
The present invention further provides a method of 
producing a rotor, for an electric motor, comprising the 
steps of (a) providing a magnet having a rotation axis 
and a through hole extending coaxially with the rotation 
35 axis; (b) providing a shaft including a first portion 

capable of being fitted in the through hole and a second 
portion axially adjacent to the first portion for 
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defining a clearance inside the through hole; (c) 
inserting the shaft into the through hole of the magnet 
and fitting the first portion of the shaft in the through 
hole, until an axial interengagement length of the first 
5 portion, shorter than an axial length of the through 
hole, is obtained; and (d) filling an adhesive in the 
clearance inside the through hole. 

In a preferred aspect of the invention, the adhesive 
may be vacuum- impregnated into the clearance, 
!0 The magnet may be made of an annular bonded magnet 

material, and the method may further include a step of 
forming a coating on a surface of the bonded magnet 
material before the step of inserting the shaft* 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features, and 
advantages of the present invention will become more 
apparent from the following description of preferred 
embodiments in connection with the accompanying drawings, 

2 0 in which: 

Fig. 1 is an exploded vertical view of a first 
embodiment of a rotor according to the present invention; 

Fig. 2 is a vertical sectional view showing the 
assembled state of the rotor of Fig. 1; 
25 Fig. 3 is a vertical sectional view of a second 

embodiment of a rotor according to the present invention, 
showing the assembled state thereof; 

Fig. 4 is an exploded vertical sectional view of a 
third embodiment of a rotor according to the present 

3 0 invention; 

Fig. 5 is a vertical sectional view showing the 
assembled state of the rotor of Fig. 4; and 

Fig. 6 is a vertical sectional view of a fourth 
embodiment of a rotor according to the present invention, 
3 5 showing the assembled state thereof. 

BEST MODE FOR CARRYING OUT THE INVENTION 



- 8 - 



Referring now to the drawings, in which same or 
similar components are denoted by common reference 
numerals, Figs* 1 and 2 show a rotor 10 of a miniature 
electric motor, according to a first embodiment of the 
5 present invention. The rotor 10 of this embodiment may 
be used in a miniature precise electric motor 
incorporated in an electronic clock or watch. 

The rotor 10 includes a magnet 12 having a rotation 
axis 14, and a shaft 16 fixed to and concentrically with 

10 the magnet 12. The magnet 12 is structured from an 

annular or cylindrical permanent magnet material 18, and 
is provided with a center cylindrical through hole 20 
extending coaxially with the rotation axis 14. The 
magnet 12 is also provided with a coating 22 formed on an 

15 entire surface of the permanent magnet material 18. The 
coating 22 is made of a metal plating with a 
predetermined thickness, and defines the inner 
cylindrical surface of the magnet 12 inside the through 
hole 20 having a diameter "Di". 

20 The shaft 16 has a generally cylindrical shape with 

a stepped outer surface, and includes an intermediate 
portion 24 with a diameter "d^*. The diameter d x is 
selected so that the intermediate portion 24 is received 
and tightly press-fitted into the through hole 20 of the 

25 magnet 12 (i.e., d x > D x ). The shaft 16 also includes a 
first end portion 26 coaxially adjacent to and extending 
from the intermediate portion 24, a toothed wheel 28 
coaxially adjacent to and extending from the intermediate 
portion 24 and opposite to the first end portion 26, and 

3 0 a stepped second end portion 30 coaxially adjacent to and 
extending from the toothed wheel 2 8 and opposite to the 
intermediate portion 24. The first end portion 26 has a 
diameter smaller than the diameter D x of the through 
hole 20, and the toothed wheel 2 8 has a diameter larger 

35 than the diameter d 2 of the intermediate portion 24. The 
shaft 16 preferably has a one-piece or monolithic 
structure and is made of a metal. 



The intermediate portion 24 and the first end 
portion 26 of the shaft 16 are inserted into the through 
hole 20, and the shaft 16 is concentrically fixed at a 
predetermined proper position on the magnet 12 , due to 
the interengagement of the outer cylindrical surface of 
the intermediate portion 24 with the inner cylindrical 
surface of the magnet 12 inside the through hole 20. In 
this respect, the intermediate portion 2 4 is dimensioned 
so as to define an axial interengagement length n t ± " 
shorter than an entire axial length "Ty of the through 
hole 20. When the shaft 16 is in the proper position on 
the magnet 12, the first end portion 2 6 projects from one 
side of the magnet 12, and the toothed wheel 28 and the 
second end portion 30 project from another side of the 
magnet 12, 

The rotor 10 also includes reinforcing means 
provided at least inside the through hole 20 of the 
magnet 12, for ensuring fixing force to securely hold the 
shaft 16 in the predetermined position on the magnet 12. 
In this embodiment, the reinforcing means is structured 
by the above-mentioned coating 22 made of a metal 
plating. The intermediate portion 24 of the shaft 16 is 
engaged with the coating 22 in a face-to-face manner and 
tightly press-fitted with the latter inside the through 
hole 20. 

In this structure, the shaft 16 is in contact with a 
part of the inner cylindrical surface of the magnet 12 in 
the through hole 20 at the outer cylindrical surface of 
the intermediate portion 24 of the shaft 16. Further, 
the magnet 12 is reinforced by the coating 22, with 
regard to the mechanical strength and toughness of the 
magnet 12. This partial contact of the shaft 16 with the 
magnet 12 cooperates with the reinforcement of the 
magnet 12 by the coating 22, so as to prevent the 
magnet 12 from being broken or cracked, during the press- 
fitting operation of the intermediate portion 24 into the 
through hole 20 and after the rotor 10 is completely 



assembled, and also to ensure a relatively large and 
stable fixing force. No additional part, such as a bush 
or an adhesive, is used to assemble the rotor 10, so that 
the rotor 10 can be produced with a high structural 
reliability, a high yield and a relatively low cost. 

By suitably adjusting the axial interengagement 
length t x of the intermediate portion 24 of the shaft 16 
with relation to the entire axial length T 1 of the 
through hole 20, as well as an interference "d 2 minus D x 11 
between the intermediate portion 24 and the magnet 12 in 
the through hole 20, the desired fixing force for 
securing the shaft 16 can be obtained while eliminating 
the breaking or cracking of the magnet 12, even if the 
magnet 12 is made of a relatively fragile magnet 
material 18, such as a simply molded or bonded magnet. 
The bonded magnet can further reduce the production cost 
of the miniature motor rotor 10 including the annular or 
cylindrical magnet 12, in comparison with the sintered 
magnet . 

It should be noted that the desired fixing force is 
determined in consideration of the productivity and the 
structural reliability of the rotor 10, and is, for 
example, 0.2 Kgf in this embodiment. Also, it should be 
noted that the intermediate portion 24 of the shaft 16 
may have a deformed profile such as a prism, as being 
described in the aforementioned JP-U-54-71610 . 

In the rotor 10 of the first embodiment, the 
magnet 12 may be structured by applying an electroless 
metal plating, as the coating 22, onto the entire surface 
of the cylindrical permanent magnet material 18. The 
permanent magnet material 18 may be made of a rare-earth 
bonded magnet, such as a SmCo (samarium/cobalt) type 
magnet, a NdFeB (neodymium/iron/boron) type magnet or a 
SmFeN (samarium/iron/nitrogen) type magnet. The 
electroless plating 22 may be of at least one of a 
Ni( nickel )-P( phosphorus) electroless plating, a Ni- 
B(boron) electroless plating and a Ni-P-W( tungsten) 
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electroless plating. 

Preferably, the permanent magnet material 18 made of 
a bonded magnet is vacuum-impregnated with a bonding 
agent or filler, so as to further improve the mechanical 
5 strength of the magnet 12. The bonded magnet is 

generally molded from magnetic powder with a binder being 
mixed therein, and therefore includes many air cavities 
in the molded structure. The bonding agent or filler, 
vacuum- impregnated to the molded magnet material 18, 

10 fills the cavities so as to enhance the mechanical 

breaking strength of the permanent magnet material 18, 
and to prevent the magnet 12 from being broken or 
cracked, during the press-fitting operation of the 
portion 24 into the through hole 20 and after the 

15 rotor 10 is completed, while cooperating with the 
electroless plating 22. 

The bonding agent or filler may preferably be 
selected from liquid resinous materials capable of 
providing a relatively high adhesion force, low cost and 

20 easy handling, such as, an epoxy resin, a phenol resin, a 
thermosetting adhesive such as a polyurethane , or an 
anaerobic adhesive. An adhesive having good permeability 
and low viscosity may also be suitably selected from the 
viewpoint of the vacuum-impregnating process. 

25 The electroless plating as the coating 22 serves to 

enhance the mechanical strength of the permanent magnet 
material 18 made of the bonded magnet. The electroless 
plating 22 also serves to prevent the magnetic powder 
from falling from the molded magnet material 18, during 

30 the press-fitting operation of the shaft 16. Preferably, 

the electroless plating 22 has a thickness of at 
least 10 \im. If the thickness of the electroless 
plating 22 is less than 10 \im, the improvement of the 
mechanical strength of the magnet 12 would be 

35 insufficient to prevent the breaking or cracking of the 
magnet 12. In view of ensuring a coating thickness 
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control in a process for producing the electroless 
plating 22, it is preferred that the thickness of the 
electroless plating 22 is at most 30 |nm. 

In the rotor 10, it is preferred that a dimensional 
5 relationship between the axial interengagement length t x 
of the intermediate portion 24 of the shaft 16 and the 
entire axial length T ± of the through hole 20 of the 
magnet 12 is defined as T x /5 < t x < T 1 /2. If the axial 
interengagement length t x is less than I^/S, the shaft 16 

10 would be easily tilted in the through hole 20, which 

results in a misalignment of the shaft 16, regardless of 
the dimension of the interference between the magnet 12 
and the shaft 16. If the axial interengagement length t x 
is more than Tj2, the possibility of breaking or 

15 cracking the magnet 12 would increase. 

It is also preferred, in the rotor 10, that the 
interference "d x -(minus) D/' between the intermediate 
portion 24 of the shaft 16 and the magnet 12 in the 
through hole 20 is in a range of 5 jam to 30 jairu If the 

20 interference - D^' is less than 5 |jm, the desired 
fixing force (e.g., 0.2 Kgf) for the shaft 16 on the 
magnet 12 would not be obtained. If the interference 
,, d 1 - D-l" is more than 30 jam, the possibility of breaking 
or cracking the magnet 12 would increase, even when the 

25 axial interengagement length t x is at most T x /2. 

Fig. 3 shows a rotor 40 of a miniature electric 
motor, according to a second embodiment of the present 
invention. The rotor 40 of this embodiment is provided 
with a structure essentially similar to the structure of 

30 the above-mentioned rotor 10, except that a coating 42, 

as reinforcing means, is structured as a double-layered 
metal plating. Therefore, same or similar components are 
denoted by common reference numerals, and the detailed 
description thereof are not repeated. 

35 The coating 4 2 in the rotor 40, made of a double- 

layered metal plating, includes an electroless plating 
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base layer 44 and an electroplating top layer 46. 
Accordingly, in the rotor 40, the electroplating top 
layer 46 of the coating 42 defines the inner cylindrical 
surface of the magnet 12 inside the through hole 2 0 which 
5 has a diameter D 2 smaller than the diameter d 2 of the 

intermediate portion 24 of the shaft 16. This double- 
layered structure of the coating 42 serves to reduce the 
entire thickness of the coating 42 in comparison with the 
single layer coating 22 in the rotor 10, without 

10 deteriorating the reinforcement effect thereof, since the 
electroplating top layer 46 has in itself a higher 
mechanical strength than an electroless plating having 
the same thickness and can be securely attached to the 
surface of the electroless plating base layer 44. 

15 The electroless plating base layer 44 may be of at 

least one of a Ni-P electroless plating, a Ni-B 
electroless plating and a Ni-P-W electroless plating. 
The electroplating top layer 4 6 may be of a Ni plating. 
The inventors of the present invention have found that 

20 every one of the Ni-P electroless plating, the Ni-B 

electroless plating, the Ni-P-W electroless plating and 
the Ni electroplating has relatively high rigidity and 
high Young's modulus, and thus can more effectively 
improve the breaking strength of the magnet 12 and can 

25 obtain the higher stable fixing force for the shaft 16, 
in comparison with the other metal plating made of, such 
as Cu(copper), Pd ( palladium) , Au(gold), Sn(tin) , 
solder (Pb/Sn type), etc., every one of which has 
relatively high spreading properties and relatively low 

3 0 rigidity. Preferably, the electroless plating base 

layer 44 has a thickness in a range of 0 . 5 jam to 2 . 0 jam. 
Also, it is preferred that the electroplating top 
layer 46 has a thickness of at least 3.0 fun. 

The constitution and the characteristic effect of 
35 the above embodiments of the present invention will be 
more clearly described below, with reference to the 
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results of some experiments for the validity of the 

invention. 

Experiment 1 

In the rotor 10 shown in Figs. 1 and 2, the 
5 permanent magnet material 18 was made of an anisotropic 

bonded magnet of rare-earth elements formed from a Sm 2 Co 17 
type magnetic powder and an epoxy resin binder, the 
shaft 16 was made of a carbon steel "JIS SK4 " , and the 
coating 22 was formed as a Ni-P electroless plating * The 

10 shaft 16 had a monolithic or integral body including the 
toothed wheel 28. The annular or cylindrical permanent 
magnet material 18 was dimensioned as 1250 \m (outer 
diameter) x 350 \m (inner diameter) x 460 jjiti (axial 
length). The bonded magnet used for the permanent magnet 

15 material 18 was produced through a compression molding 
process in a magnetic field, from a compound including 
the Sm 2 Co 17 type magnetic powder having an average 
particle diameter of 10 jim (measured by a Fischer's 
method) and 3 weight% of epoxy resin binder. This bonded 

20 magnet included air cavities to 20 to 40 volume%. 

Then, the magnet material 18 was vacuum- impregnated 
with a thermosetting liquid epoxy resin to fill the air 
cavities , so as to enhance the mechanical strength and 
the toughness of the permanent magnet material 18. To 

25 further improve the mechanical strength, Ni-P electroless 
plating 22 having a uniform thickness of 2 0 |jm was formed 
on the entire surface of the permanent magnet material 18 
through an electroless plating process. Thereby, the 
magnet 12 was completed, in which the inner diameter D 1 

30 inside the through hole 2 0 was 310 jam and the entire 

axial length T x of the through hole 2 0 was 500 jam. The 
magnet 12 thus formed had an extreme breaking strength 
against a compression load in a radial direction, which 
was ten times, and more, that of the permanent magnet 

35 material 18. Note, if the electroless plating 22 tends 
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to be provided with uneven thickness, it may be useful 
that the electroless plating 22 is formed so as to have a 
minimum thickness 2 0 jam, and that the through hole 2 0 is 
finished, in such a plated magnet blank, by using a 
5 310 jam diameter drill. 

Six types of the shaft 16 were provided, which 
respectively included the intermediate portions 24 having 
the diameter d x of 312 jam, 315 |um, 320 |im, 330 jjm, 340 |um 
and 345 jam. Then, the shafts 16 were respectively 
10 inserted into the magnet 12 thus completed, and the 

intermediate portions 2 4 of the shafts 16 were 
respectively press-fitted into the through hole 20, until 

the respective axial interengagement lengths t 2 of 10 pirn, 
30 jam, 50 jam, 100 jum, 200 jum, 250 jam and 300 |um were 

15 obtained. In this way, the six types of the shafts 16 
were respectively secured to the magnet 12, under the 
deformation of the magnet 12 especially in the wall of 
the electroless plating 22 inside the through hole 20, in 
different engagement conditions (the interference 

20 "di - D-l"; the axial interengagement length tj. 

For the respective types of rotors 10 thus provided, 
the fixing force (Kgf) for securing the respective 
shafts 16 (Table 1), the respective breaking states in 
the magnet 12 (Table 2) and the tilt or misalignment of 

25 the respective shafts 16 (Table 3) were estimated. The 
fixing force was determined by axially pushing the first 
end portion 2 6 of the shaft 16 secured in the through 
hole 2 0 of the magnet 12 and measuring the force required 
to shift the shaft 16 in the through hole 2 0 (or to pull 

30 out the shaft from the through hole 20). The results of 
these estimations are shown in the Tables 1 to 3 . 
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Table 1 (Fixing Force; Kgf ) 
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As will be understood from the results of the above 



5 estimations, when the interference d x - D x between the 

intermediate portion 2 4 of the shaft 16 and the magnet 12 

inside the through hole 2 0 was less than 5 jam, the fixing 
force of 0.2 Kgf, which is generally required for the 
rotor of a miniature electric motor incorporated in an 
10 electronic clock or watch , could not be obtained. when 

the interference exceeded 3 0 jam , the magnet 12 was broken 
in most of cases of the axial interengagement lengths t lf 
during the press-fitting operation of the shaft 16 into 
the through hole 20. When the axial interengagement 

15 length t x was less than 100 \xm r the shaft 16 was tilted 
or misaligned in the through hole 20. When the axial 
interengagement length t 1 exceeded 250 jam, the magnet 12 
was broken in every case of the interferences d x - D lf 
during the press-fitting operation of the shaft 16. 

2 0 Consequently, it is required to select the axial 

interengagement length t x in the range of 100 jixm to 
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250 jLtm (i.e., ^ t x ^ T 1 /2) / and also to select the 

interference d a - D 2 in the range of 5 urn to 30 jam. 

As is apparent from the above, the rotors 10, having 
the estimated results underlined in the respective 
5 tables 1 to 3, are adoptable for the invention, wherein 
the magnet 12 is prevented from being broken or cracked 
due to the shaft 16, wherein the desired fixing force of 
at least 0.2 Kgf is obtained, and wherein the tilt or 
misalignment of the shaft 16 is eliminated. By selecting 

10 any of the underlined sample rotors 10, the rotor 10 can 
be assembled in a mass-production by the simple press- 
fitting process of the shaft 16 into the through hole 20, 
even when the dimensional unevenness of the diameter of 
the intermediate portion 2 4 of the shaft 16 is taken into 

15 consideration. 

The dimension of the magnet 12 of the rotor 10 
according to the present invention, suitably used for a 
miniature electric motor incorporated in an electronic 
clock or watch, can be designed so that the outer 

20 diameter is in the range of 800 ^m to 1500 jim, the inner 
diameter is in the range of 250 jum to 500 jam, the axial 
length is in the range of 400 [im to 800 jam, and the 
plating thickness is in the range of 10 j^m to 30 ^inw 
When the dimension of the magnet 12 is selected in the 

2 5 above range, the above-described effects of the present 
invention can be obtained. 

It should be noted that, in the above experiments, 
the dimension of the interference d ± - D x between the 
intermediate portion 24 of the shaft 16 and the magnet 12 

30 inside the through hole 2 0 can also be adjusted by 
modifying the thickness of the coating or metal 
plating 22, in place of modifying the diameter of the 
intermediate portion 24. Further, the bonding agent or 
filler, vacuum- impregnated in the permanent magnet 

35 material 18, may also be selected from a phenol resin, a 
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thermosetting adhesive such as a polyurethane, and an 
anaerobic adhesive, in place of the epoxy resin. Every 
one of these fillers is a liquid resinous material, 
capable of establishing relatively high adhesion force 
5 and easy handling, which results in similar effects . 
Experiment 2 

In the rotor 4 0 shown in Fig. 3, the permanent 
magnet material 18 was made of an anisotropic bond magnet 
of rare-earth elements, formed from a Sm 2 Co 17 type 

10 magnetic powder and an epoxy resin binder, the shaft 16 
was made of a carbon steel "JIS SK4 n , and the coating 42 
included a Ni-P electroless plating base layer 44 and a 
Ni electroplating top layer 46. The shaft 16 had a 
monolithic or integral body including the toothed 

15 wheel 28. The annular or cylindrical permanent magnet 

material 18 was dimensioned as 1250 jum (outer diameter) x 

35 0 )um (inner diameter) x 4 88 fjm (axial length). The 
bonded magnet used for the permanent magnet material 18 
was produced through a compression molding process in a 
20 magnetic field, from a compound including the Sm 2 Co 17 type 
magnetic powder having the average particle diameter of 

10 jim (measured by a Fischer's method) and the epoxy 
resin binder of 3 weight%. This bonded magnet included 
air cavities of 20 to 40 volume!. 
2 5 Then, the magnet material 18 was vacuum- impregnated 

with a thermosetting liquid epoxy resin to fill the air 
cavities, so as to enhance the mechanical strength and 
the toughness of the magnet material 18. To further 
improve the mechanical strength, the Ni-P electroless 

30 plating base layer 44 having a uniform thickness of 1 Jim 
was formed on the entire surface of the permanent magnet 
material 18, and the Ni electroplating top layer 46 

having a uniform thickness of 5 |mn was formed on the 
entire surface of the base layer 44. Thereby, the 
35 magnet 12, in which the inner diameter D 2 inside the 
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through hole 20 was 338 ^m and the entire axial length T 2 

of the through hole 2 0 was 500 jam, was completed. The 
magnet 12 thus formed had a extreme breaking strength 
against a compression load in a radial direction , which 
5 was ten times, and move, that of the permanent magnet 
material 18. Note, if the double-layered metal 
plating 42 tends to be provided with uneven thickness, it 
may be useful that the metal plating 42 is formed so as 
to have a minimum thickness 6 jam, and that the through 
10 hole 2 0 is finished on such a plated magnet blank by 
using a 338 jam diameter drill. 

Six types of the shaft 16 were provided, which 
respectively included the intermediate portions 2 4 having 
the diameter d 2 of 340 |am, 343 jam, 348 jam, 358 jam, 368 jam 

15 and 373 jam. Then, the shafts 16 were respectively 
inserted into the magnet 12 thus completed, and the 
intermediate portions 24 of the shafts 16 were 
respectively press-fitted into the through hole 20, until 

the respective axial interengagement lengths t 2 of 10 jam, 

20 30 (am, 50 |um, 100 jam, 200 jam, 250 jam and 300 jam were 

obtained. In this way, the six types of the shafts 16 
were respectively secured to the magnet 12, under the 
deformation of the magnet 12 especially in the wall of 
the metal plating 42 inside the through hole 20, in 

25 different engagement conditions (the interference 

n d 2 -(minus) D 2 " ; the axial interengagement length t 2 ). 

For the respective types of rotors 40 thus provided, 
the fixing force (Kgf) for securing the respective 
shafts 16 (Table 4), the respective breaking states of 

30 the magnet 12 (Table 5) and the tilt or misalignment of 
the respective shafts 16 (Table 6) were estimated. The 
fixing force was determined by axially pushing the first 
end portion 2 6 of the shaft 16 secured in the through 
hole 20 of the magnet 12 and measuring the force required 

35 to shift the shaft 16 in the through hole 2 0 (or to pull 
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the shaft out from the through hole 20). The results of 
these estimations are shown in the Tables 4 to 6 . 

Table 4 (Fixing Force: Kgf) 



\d 2 - D 2 


2 


5 


10 


20 


30 


35 
















t 2 \ 














(^m) \ 














10 


0.02 


0.05 


0.11 


0.64 


0.99 


2.29 


30 


0.06 


0.09 


0. 13 


0.95 


1.86 




50 


0.09 


0.25 


0.93 


1.40 


2.03 




100 


0.12 


0.39 


1.45 


2.42 


2.91 




200 


0.15 


0.67 


1.60 


2.90 


3.60 


— 


250 


0.19 


0.91 


2.52 


2.92 


3.99 


- 


300 


0.02 


- 


- 


- 


- 


- 










(-: less 


than 0 


.01 Kgf) 






Table 5 


( Breakina 


of Maanet) 






\d 2 - D 2 


2 


5 


10 


20 


30 


35 
















t 2 \ 














(nm) \ 














10 


o 


o 


O 


O 


O 


o 


30 


o 


o 


o 


o 


o 


X 


50 


o 


o 


o 


o 


o 


X 


100 


o 


o 


o 


o 


o 


X 


200 


o 


o 


o 


o 


o 


X 


50 


o 


o 


o 


o 


o 


X 


300 


X 


X 


X 


X 


X 


X 








(O 


: unbroken 


X: 


broken ) 



- 22 - 



Table 6 (Misalignment of Shaft) 
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5 estimations, when the interference d 2 - D 2 between the 

intermediate portion 24 of the shaft 16 and the magnet 12 

inside the through hole 20 was less than 5 p,m, the fixing 
force of 0.2 Kgf, which is generally required for the 
rotor of a miniature electric motor incorporated in an 
10 electronic clock or watch, could not be obtained. When 

the interference exceeded 30 |um, the magnet 12 was broken 
in most cases of the axial interengagement lengths t 2 , 
during the press-fitting operation of the shaft 16 into 
the through hole 20. When the axial interengagement 

15 length t 2 was less than 100 jam, the shaft 16 was tilted 

or misaligned in the through hole 20. When the axial 
interengagement length t 2 exceeded 250 jam, the magnet 12 
was broken in every case of the interferences d 2 - D 2/ 
during the press-fitting operation of the shaft 16. 

20 Consequently, it is required to select the axial 

interengagement length t 2 in the range of 100 ^im to 
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250 |om (i.e., T 2 /5 ^ t 2 ^ T 2 /2), and also to select the 

interference d 2 - D 2 in the range of 5 |um to 30 jam. 

As is apparent from the above, the rotors 40, having 
the estimated results underlined in the respective 
5 tables 4 to 6 , are adoptable for the invention, wherein 

the magnet 12 is prevented from being broken or cracked 
due to the shaft 16, wherein the desired fixing force of 
at least 0-2 Kgf is obtained, and wherein the tilt or 
misalignment of the shaft 16 is eliminated. By selecting 

10 any of the underlined sample rotors 40, the rotor 40 can 
be assembled by mass-production by a simple press-fitting 
process of the shaft 16 into the through hole 20, even 
when the dimensional unevenness of the diameter of the 
intermediate portion 24 of the shaft 16 is taken into 

15 consideration. 

The dimension of the magnet 12 of the rotor 40 
according to the present invention, suitably used for a 
miniature electric motor incorporated in an electronic 
clock or watch, can be designed so that the outer 

20 diameter is in a range of 800 jam to 1500 jjim, the inner 
diameter is in a range of 250 jam to 500 |am, the axial 
length is in a range of 400 to 800 |mn, and the double- 
layered plating thickness is in a range of 3 jam to 30 jum. 
When the dimension of the magnet 12 is selected in the 

25 above range, the above-described effects of the present 

invention can be obtained. When the double-layered 
plating thickness is 5 jam, generally the same results as 
in the rotor 10 having the single-layered plating 
thickness of 2 0 \m, was obtained. The coating thickness 

30 of such a relatively thinner double-layered plating 42 
can be easily controlled. 

It should be noted that, in the above experiments, 
the dimension of the interference d 2 - D 2 between the 
intermediate portion 2 4 of the shaft 16 and the magnet 12 

35 inside the through hole 2 0 can also be adjusted by 
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modifying the thickness of the coating or metal 
plating 42, in place of modifying the diameter of the 
intermediate portion 24. Further, the bonding agent or 
filler, vacuum-impregnated in the permanent magnet 
5 material 18, may also be selected from a phenol resin, a 
thermosetting adhesive such as a polyurethane, and an 
anaerobic adhesive, in place of the epoxy resin. Every 
one of these fillers is a liquid resinous material 
capable of providing relatively high adhesion force and 

10 easy handling, and which results in similar effects* 
Figs, 4 and 5 show a rotor 50 of a miniature 
electric motor, according to a third embodiment of the 
present invention. The rotor 50 of this embodiment is 
provided with a structure essentially similar to the 

15 structure of the above-mentioned rotor 10, except for the 
structure of reinforcing means. Therefore, same or 
similar components are denoted by common reference 
numerals, and the detailed description thereof are not 
repeated. 

20 The magnet 12 of the rotor 50 has no coating and is 

structured from the annular or cylindrical permanent 
magnet material 18. Accordingly, the surface of the 
permanent magnet material 18 defines the center 
cylindrical through hole 20 extending coaxially with the 

25 rotation axis 14, and also the inner cylindrical surface 
of the magnet 12 inside the through hole 20 having a 
diameter 11 D 3 " . 

The shaft 16 of the rotor 50 includes the 
intermediate portion 2 4 with a diameter "d 3 ". The 

3 0 diameter d 3 is selected so that the intermediate 

portion 24 is received and somewhat loosely press-fitted 
or fitted into the through hole 20 of the magnet 12 
(i.e., d 3 is slightly larger than D 3 ). The first end 
portion 26 of the shaft 16 has a diameter "e 3 " smaller 

35 than the diameter D 3 of the through hole 20. 

The intermediate portion 2 4 and the first end 
portion 26 of the shaft 16 are inserted into the through 
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hole 20, and the shaft 16 is concentrically supported at 
a predetermined proper position on the magnet 12, due to 
the interengagement of the outer cylindrical surface of 
the intermediate portion 2 4 with the inner cylindrical 
5 surface of the magnet 12 inside the through hole 20. In 
this respect, the intermediate portion 24 is dimensioned 
so as to define the axial interengagement length n t 3 " 
shorter than the entire axial length M T 3 n of the through 
hole 20. 

10 The rotor 50 also includes reinforcing means 

provided at least inside the through hole 20 of the 
magnet 12, for ensuring a fixing force to securely hold 
the shaft 16 in the predetermined position on the 
magnet 12. In this embodiment, the reinforcing means is 

15 structured by an adhesive 52 filled in a clearance 

defined between the first end portion 26 of the shaft 16 
and the magnet 12 inside the through hole 20. The 
intermediate portion 2 4 of the shaft 16 is somewhat 
loosely engaged with the inner cylindrical surface of the 

20 magnet 12 in a face-to-face manner, and the adhesive 52 

filled in the clearance defined in the through hole 20 
serves to securely fix the shaft 16 inside the through 
hole 20, so as to establish the desired fixing force. 

In this structure, the intermediate portion 2 4 of 

25 the shaft 16 is somewhat loosely press-fitted and 

temporarily attached into the through hole 2 0 of the 
magnet 12, so that the magnet 12 is prevented from being 
broken or cracked, during the press-fitting operation of 
the portion 24 into the through hole 20 and after the 

30 rotor 50 is completed. Then the relatively large and 
stable fixing force for the shaft 16 is ensured by the 
adhesive 52. The adhesive 52 is easily and surely filled 
in the clearance defined between the first end portion 26 
of the shaft 16 and the magnet 12 inside the through 

35 hole 20 by, e.g., a vacuum-impregnating process, after 
the insertion of the shaft 16 into the through hole 20. 
Also, an additional part such as a bush is not used, 



which can reduce the number of parts of the rotor 50. 
Therefore, the rotor 50 can be produced with a high 
structural reliability, a high yield and a relatively low 
cost. 

By suitably adjusting the axial interengagement 
length t 3 of the intermediate portion 24 of the shaft 16 
with relation to the entire axial length T 3 of the 
through hole 20, as well as an interference "d 3 minus D 3 " 
between the intermediate portion 24 and the magnet 12 in 
the through hole 20, the concentricity or alignment of 
the shaft 16 relative to the magnet 12 can be obtained 
while eliminating the breaking or cracking of the 
magnet 12. Also, by suitably adjusting an axial adhesion 
length "T 3 minus t 3 " and a radial adhesion length "D 3 
minus e 3 " of the clearance defined between the first end 
portion 2 6 of the shaft 16 and the magnet 12 inside the 
through hole 20, which are occupied by the adhesive 52, 
the desired stable fixing force for the shaft 16 can be 
obtained. This structure can be applied to both the 
sintered magnet structure and the bonded magnet 
structure . 

It should be noted that the desired fixing force is 
determined in consideration of the productivity and the 
structural reliability of the rotor 50, and is, for 
example, 0.2 Kgf. Also, it should be noted that the 
intermediate portion 24 of the shaft 16 may have a 
deformed profile such as a prism, as described in the 
aforementioned JP-U-54-7 16 10 . 

In the rotor 50, it is preferred that a dimensional 
relationship between the axial interengagement length t 3 
of the intermediate portion 2 4 of the shaft 16 and the 
entire axial length T 3 of the through hole 2 0 of the 
magnet 12 is defined as T 3 /5 ^ t 3 i 4T 3 /5. If the axial 
interengagement length t 3 is less than T 3 /5, the shaft 16 
would be easily tilted in the through hole 20, which 
results in a misalignment of the shaft 16 during the 
press-fitting operation of the shaft 16. If the axial 
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interengagement length t 3 is more than 4T 3 /5, the axial 
adhesion length "T 3 -(minus) t 3 n would be shortened, 
which results in the difficulty for ensuring the desired 
stable fixing force for the shaft 16. 
5 It is preferred, in the rotor 50, that the axial 

adhesion length ,, T 3 -t 3 " is at least 50 |um, so as to 
ensure the desired stable fixing force for the shaft 16, 
and to permit the adhesive 52 to be held in the clearance 
defined inside the through hole 20 during a washing 
10 process described below. It is also preferred that the 

radial adhesion length "D 3 -(minus) e 3 " is at least 2 jim, 
so as to ensure the desired stable fixing force for the 
shaft 16, and to permit the adhesive 52 to be easily 
filled in the clearance. 

15 A surplus adhesive adhered on the outer surface of 

the magnet 12 outside the through hole 20, during the 
vacuum- impregnating process, can be readily removed and 
washed by an organic solvent, while keeping the 
adhesive 52 in the clearance inside the through hole 20. 
. 20 The vacuum- impregnating process for filling the clearance 
with the adhesive 52 makes it possible for a large number 
of (for example, ten thousand to million) rotors 50 to be 
processed all together at once, which is known as batch 
processing. Consequently, the production cost for the 

25 rotor 50 can be further reduced. 

The adhesive 52 is preferably made of a 
thermosetting epoxy resin, since it has a relatively high 
adhesion force and ensures a stable productivity. That 
is, the wide pot life and the viscosity of the 

30 thermosetting epoxy resin can suitably and optionally 

adjusted at room temperature. The viscosity of the epoxy 
resin is preferred to be as low as possible, and the pot 
life at ordinary temperature is preferred to be as long 
as possible in view of the productivity. 

35 Fig. 6 shows a rotor 60 of a miniature electric 

motor, according to a fourth embodiment of the present 
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invention. The rotor 60 of this embodiment is provided 
with a structure essentially similar to the structure of 
the above-mentioned rotor 50, except that a coating 62 is 
formed on the magnet material 18. Therefore, same or 
5 similar components are denoted by common reference 
numerals, and detailed descriptions thereof are not 
repeated. 

In the rotor 60, the magnet 12 is structured by the 
permanent magnet material 18 and the coating 62 formed on 

10 the entire surface of the permanent magnet material 18. 
Accordingly, the surface of the coating 62 defines the 
center cylindrical through hole 20 extending coaxially 
with the rotation axis 14, and also the inner cylindrical 
surface of the magnet 12 inside the through hole 20 

15 having a diameter "D 4 n . 

The intermediate portion 24 of the shaft 16 has a 
diameter "d 4 " which is selected so that the intermediate 
portion 24 is received and somewhat loosely press-fitted 
or fitted into the through hole 20 of the magnet 12 

20 (i.e., d 4 is slightly larger than D 4 ). The first end 

portion 26 of the shaft 16 has a diameter "e 4 " smaller 
than the diameter D 4 of the through hole 20. Also, the 
intermediate portion 24 of the shaft 16 is dimensioned so 
as to define the axial interengagement length "t 4 " 

25 shorter than the entire axial length "T 4 " of the through 
hole 20. 

The coating 62 serves as additional reinforcing 
means, cooperating with the adhesive 52 filled in the 
clearance defined between the first end portion 26 of the 

30 shaft 16 and the magnet 12 inside the through hole 20, 
for ensuring fixing force to securely hold the shaft 16 
in the predetermined position on the magnet 12. That is, 
although the intermediate portion 24 of the shaft 16 is 
somewhat loosely engaged with the inner cylindrical 

35 surface of the magnet 12 in a face-to-face manner, the 
coating 62 serves to enhance the mechanical strength of 
the permanent magnet material 18, so as to effectively 
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prevent the latter being broken or cracked due to the 
insertion of the shaft 16. Accordingly, this structure 
is especially suitable for a case wherein the permanent 
magnet material 18 is made of a relatively fragile 
5 magnet, such as a bonded magnet. In this case, the 

coating 62 also serves to prevent the magnetic powder 
from falling from the molded permanent magnet material 18 
during the press-fitting operation of the shaft 16. 

The coating 62 may be made of a metal plating. The 

10 metal plating 62 is preferably made of a Ni-P or Ni-P-W 
type electroless plating, to provide a generally uniform 
thickness over the entire surface of the permanent magnet 
material 18. Also, the metal plating 62 has preferably 
the thickness of at least 10 jam, to ensure the sufficient 

15 improvement of the mechanical strength of the magnet 12. 
Alternatively, in the rotor 60, the coating 62 may be 
made of an organic substance layer, since the 
intermediate portion 2 4 of the shaft 16 is somewhat 
loosely press-fitted in the through hole 20 of the 

20 magnet 12. In this arrangement, the organic substance 
layer 62 is preferably made of a sprayed coat of epoxy 
resin, a deposited coat of poly-para-xylene, an electro- 
deposition coating, etc. Also, the organic substance 
layer 62 has preferably the thickness of at least 2 0 jluti, 

25 to ensure the sufficient improvement of the mechanical 
strength of the magnet 12. 

The constitutions and the characteristic effects of 
the third and fourth embodiments of the present invention 
will be more clearly described below, with reference to 

30 the results of some experiments for the validity of the 
invention. 
Experiment 3 

In the rotor 50 shown in Fig. 4 and 5, the permanent 
magnet material 18 was made of a Sm 2 Co 17 type sintered 
3 5 magnet, and the shaft 16 was made of a carbon steel 

"JIS SK4" • The annular or cylindrical permanent magnet 
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material 18, i.e., the magnet 12, was dimensioned as 
1250 |um (outer diameter) x 350 (Jin (inner diameter: D 3 ) x 

500 jam (axial length: T 3 ) . 

Three types of the shaft 16 were provided, which 
5 respectively included the intermediate portions 24 having 

the diameter d 3 of 350 \xm f 355 jam and 360 ju,m. These 
shafts 16 also included the first end portions 26 having 
the diameter e 3 of 330 jam. Then, the shafts 16 were 
respectively inserted into the magnet 12, and the 
10 intermediate portions 24 of the shafts 16 were 

respectively press-fitted into the through hole 20, until 
the respective axial interengagement lengths t 3 of 5 0 ju,m, 

70 jim, 100 jam, 200 |im, 300 |am, 400 jam, 420 jam and 450 \xra 
were obtained. In this way, the three types of shafts 16 

15 were respectively temporarily attached to the magnet 12, 
under the uniform contact of the entire outer surface of 
the intermediate portion 24 with the inner surface of the 
magnet 12 inside the through hole 20, in different 
engagement conditions (the interference "d 3 - D 3 "; the 

20 axial interengagement length t 3 ) (a first step). 

For the respective types of rotor blanks thus 
provided, the fixing force (Kgf) for securing the 
respective shafts 16 or the attaching states of the 
shafts 16 were estimated. The fixing force was 

25 determined by axially pushing the first end portion 26 of 
the shaft 16 secured in the through hole 20 of the 
magnet 12 and measuring the force required to shift the 
shaft 16 in the through hole 20 (or to pull the shaft 
from the through hole 20). The results of this 

30 estimation are shown in Table 7. 
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Table 7 (Fixing Force (Kaf) or Attaching State; First Step) 



\d 3 - D 3 
\ ( um ) 

t 3 \ 


U 


D 


1 U 


50 


I 


I 


I 


70 


I 


I 


I 


100 


II 


0.02 


III 


200 


II 


0.05 


III 


300 


0.02 


0.07 


III 


400 


0.04 


0.13 


III 


420 


0.04 


0. 15 


III 


450 


0.05 


0.16 


III 



(I: misaligned II: fell out III: broken) 
As shown in the table 7, after the first step, when 

the axial interengagement length t 3 was less than 100 pm, 
5 all the shafts 16 were tilted or misaligned in the 

through hole 20. When the interference d 3 - D 3 between 
the intermediate portion 2 4 of the shaft 16 and the 

magnet 12 inside the through hole 2 0 was 0 |iim and the 

axial interengagement length t 3 was at most 200 |um, the 
10 misalignment did not occur, but the shaft 16 tended to 
fall out the through hole 20 during a handling before a 
second step described below. when the interference 

d 3 - D 3 was 10 |Lim (the diameter d 3 of the intermediate 
portion 2 4 was 36 0 |um) , the magnet 12 tended to be broken 

15 in certain cases of the axial interengagement lengths t 3 , 
during the press-fitting operation of the shaft 16. In 
the other engagement conditions (d 3 - D 3 ; t 3 ), the 
shafts 16 could be temporarily attached on the magnet 12 
without causing the misalignment of the shaft 16 and the 

20 breaking of the magnet 12. 

Then, a large number of (e.g., approximately a 
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million) rotor blanks, to which the shafts 16 are 
temporarily attached under the above different engagement 
conditions after the first step, were provided, and put 
in a beaker of 1 liter. The beaker was then evacuated in 
5 a vacuum container up to 0,1 Torr. During this state, a 

thermosetting liquid epoxy resin, which serves as the 
adhesive 52, was provided in the beaker, and after that, 
the vacuum was released to an atmospheric pressure. 
After the vacuum was released, the beaker may be housed 

10 in a pressure container, to be subjected to pressure in a 

range of 3 Kg/cm 2 to 5 Kg/cm 2 . Thereafter, all the rotor 
blanks were transferred into a stainless-steel mesh 
container, while the most of the liquid epoxy resin was 
poured out. The reminder of the epoxy resin was washed 

15 out in ethanol, so as to prevent the rotor blanks from 

being stuck together. The washing process may be carried 
out by an ultrasonic cleaning,, which can shorten a time 
required for washing. Then, the epoxy resin was cured 
under the condition of 180 °C for three hours. Thereby, 

20 the shafts 16 were fixed on the magnets 2 0 under the 

different conditions (d 3 - D 3 ; t 3 ), to complete the plural 
types of rotors 50 (a second step). 

For the respective types of rotors 50 thus 
completed, the fixing force (Kgf) for securing the 

25 respective shafts 16 or the attaching states of the 

shafts 16 were estimated, in the same manner as in the 
former estimation after first step. The results of this 
estimation are shown in Table 8. 
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Table 8 (Fixing Force (Kaf) or Attaching State; Second Step) 



V*3 " D 3 

\ ( um ) 

t 3 \ 

(jam) \ 
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i n 


50 


I 


I 


I 


70 


T 
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T 
j_ 


100 


II 


U . ZD 


T T T 
111 


200 


II 


0.85 


III 


300 


0. 18 


0.84 


III 


400 


0. 15 


0.54 


III 


420 


0.09 


0.17 


III 


450 


0.07 


0.17 


III 


(Is 


misaligned 


II: fell 


out III: 



As shown in the table 8, after the second step, when 
the axial interengagement length t 3 was in a range of 
5 100 jam to 400 jam, the desired fixing force of at least 
0.2 Kgf could be obtained. However, when the axial 
interengagement length t 3 exceeded 400 jam, the fixing 
force became lower than 0.2 Kgf, and the adhesive 52 was 
not considered to effectively function. 
10 As will be understood from the results of the above 

estimations, the rotors 50, having the estimated results 
underlined in the table 8, provided with the axial 

interengagement length t 3 in the range of 100 p to 

400 jiim (i.e., T 3 /5 ^ t 3 g 4T 3 /5), are preferably adoptable 

15 for the invention, wherein the magnet 12 is prevented 

from being broken or cracked due to the shaft 16, wherein 
the desired fixing force of at least 0.2 Kgf is obtained, 
and wherein the misalignment or the falling out of the 
shaft 16 is eliminated. Such a rotor 50 is suitably used 

2 0 for a miniature electric motor incorporated in an 
electronic clock or watch. 
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It should be noted that, in the above experiments, 
the permanent magnet material 18 may also be formed from 
SmCo 5 type sintered magnet or NdFeB type sintered magnet, 
in place of the Sm 2 Co 17 type sintered magnet, which 
5 results in the similar effects. 

Experiment 4 

In the rotor 60 shown in Fig. 6, the permanent 
magnet material 18 was made of a Sm 2 Co 17 type bonded 
magnet, which included an epoxy resin type binder, and 
10 the shaft 16 was made of a carbon steel "Jis SK4 M . The 
annular or cylindrical permanent magnet material 18 was 

dimensioned as 1250 jam (outer diameter) x 350 jam (inner 

diameter) x 500 jam (axial length). The coating 62 is 
made of a Ni-P electroless plating having a coating 
15 thickness of 15 jam. Accordingly, the inner diameter D 4 

of the rotor 12 is 320 jam, and the entire axial length T 4 

of the through hole 20 is 530 |um. 

Three types of the shaft 16 were provided, which 
respectively included the intermediate portions 24 having 

20 the diameter d 4 of 320 jam, 325 |iim and 330 jam. These 

shafts 16 also included the first end portions 26 having 
the diameter e 4 of 300 jum. Then, the shafts 16 were 
respectively inserted into the magnet 12, and the 
intermediate portions 24 of the shafts 16 were 

25 respectively press-fitted into the through hole 20, until 

the respective axial interengagement lengths t 4 of 7 0 jam, 
90 jam, 120 jam, 220 jam, 320 jum, 420 fxm, 440 jam and 470 fxm 
were obtained. In this way, the three types of shafts 16 
were temporarily attached to the magnet 12 under the 
30 uniform contact of the entire outer surface of the 

intermediate portion 24 with the inner surface of the 
magnet 12 inside the through hole 20, in different 
engagement conditions (the interference "d 4 - D 4 "; the 
axial interengagement length t 4 ) (a first step). 
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For the respective types of rotor blanks thus 
provided, the fixing force (Kgf) for securing the 
respective shafts 16 or the attaching states of the 
shafts 16 were estimated. The fixing force was 
5 determined by axially pushing the first end portion 26 of 

the shaft 16 secured in the through hole 2 0 of the 
magnet 12 and measuring the force required to shift the 
shaft 16 in the through hole 2 0 (or to pull out the shaft 
from the through hole 20). The results of this 
10 estimation are shown in Table 9. 

Table 9 (Fixing Force (Kgf) or Attaching State; First Step) 

0 5 10 



70 


I 


I 


I 


90 


I 


I 


I 


120 


II 


0.04 


III 


220 


II 


0.05 


III 


320 


II 


0.09 


III 


420 


0.03 


0.13 


III 


440 


0.05 


0.14 


III 


470 


0.05 


0.15 


III 



(I: misaligned II: fell out III: broken) 
As shown in the table 9, after the first step, when 
the axial interengagement length t 4 was less than 100 jam, 
15 all the shafts 16 were tilted or misaligned in the 

through hole 20. When the interference d 4 - D 4 between 
the intermediate portion 24 of the shaft 16 and the 
magnet 12 inside the through hole 2 0 was 0 jam and the 

axial interengagement length t 4 was at most 320 |iim, the 
2 0 misalignment did not occur, but the shaft 16 tended to 
fall out the through hole 20 during handling before a 
second step described below. When the interference 




d 4 - D 4 was 10 |om (the diameter d 4 of the intermediate 
portion 24 was 33 0 \xm) , the magnet 12 tended to be broken 
in certain cases of the axial interengagement lengths t 4 , 
during the press-fitting operation of the shaft 16. In 
the other engagement conditions (d 4 - D 4 ; t 4 ), the 
shafts 16 could be temporarily attached to the magnet 12 
without causing the misalignment of the shaft 16 and the 
breaking of the magnet 12, 

Then, a large number of (e.g., approximately a 
million) rotor banks, to which the shafts 16 are 
temporarily attached under the above different engagement 
conditions after the first step, were provided, and put 
in a beaker of 1 liter. The beaker was then evacuated in 
a vacuum container up to 0.1 Torr. During this state, a 
thermosetting liquid epoxy resin, which serves as the 
adhesive 52, was provided in the beaker, and after that, 
the vacuum was released to an atmospheric pressure. 
After the vacuum was released, the beaker may be housed 
in a pressure container, to be subjected to pressure in a 
range of 3 Kg/cm 2 to 5 Kg/cm 2 . Thereafter, all the 
rotor blanks were transferred into a stainless-steel mesh 
container, while the most of the liquid epoxy resin was 
poured out. The reminder of the epoxy resin was washed 
out in ethanol, so as to prevent the rotor blanks from 
being stuck together. The washing process may be carried 
out by an ultrasonic cleaning, which can shorten the time 
required for washing. Then, the epoxy resin is cured 
under the condition of 180 °C for three hours. Thereby, 
the shafts 16 were fixed on the magnets 20 under the 
different conditions (d 4 - D 4 ; t 4 ) , to complete the plural 
types of rotors 60 (a second step). 

For the respective types of rotors 60 thus 
completed, the fixing force (Kgf) for securing the 
respective shafts 16 or the attaching states of the 
shafts 16 were estimated, in the same manner as in the 
former estimation after the first step. The results of 



this estimation is shown in Table 10. 
Table 10 (Fixing Force (Kgf ) or Attaching State; Second Step) 



\d 4 - D 4 
\ ( um ) 

t 4 \ 

(|ara) \ 
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90 
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120 


II 


0.28 


III 


220 


II 


0.78 


III 


320 


II 


0.76 


III 


420 


0.14 


0.45 


III 


440 


0.10 


0. 16 


III 


470 


0.08 


0. 17 


III 



(I: misaligned II: fell out III: broken) 
As shown in the table 10, after the second step, 
when the axial interengagement length t 4 was in a range 
of 120 |um to 420 \im, the desired fixing force of at least 
0.2 Kgf could be obtained. However, when the axial 
interengagement length t 4 exceeded 420 jam, the fixing 
force became lower than 0.2 Kgf, and the adhesive 52 was 
not considered to effectively function. 

As will be understood from the results of the above 
estimations, the rotors 60, having the estimated results 
underlined in the table 10, provided with the axial 

interengagement length t 4 in the range of 106 ^im to 
424 jum (i.e., T 4 /5 ^ t 4 ^ 4T 4 /5), are preferably adoptable 
for the invention, wherein the magnet 12 is prevented 
from being broken or cracked due to the shaft 16, wherein 
the desired fixing force of at least 0.2 Kgf is obtained, 
and wherein the misalignment or the falling out of the 
shaft 16 is eliminated. Such a rotor 60 is suitably used 
for a miniature electric motor incorporated in an 
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electronic clock or watch. 

It should be noted that, in the above experiments , 
the permanent magnet material 18 may also be formed from 
SmC0 5 type bonded magnet, NdFeB type bonded magnet, or 
5 SmFeN type bonded magnet, in place of the Sm 2 Co 17 type 
bonded magnet, which results in the similar effects. 
Further, in the above experiments, the coating 62 may 
also be formed from a deposited coat of poly-para-xylene 

having a coating thickness of 25 |um, as an organic 
10 substance layer which results in the similar effects. 

While the invention has been described with 
reference to preferred embodiments thereof, various 
changes and modifications may be made for the present 
invention within the disclosure of the following claims. 

15 

INDUSTRIAL APPLICABILITY 

The present invention provides a rotor for use in a 
miniature electric motor, which has a high structural 
reliability and can be produced with a high yield and a 

20 relatively low cost. The rotor of the present invention, 
designed to include an annular or cylindrical magnet and 
a shaft fixed to the magnet, can prevent the magnet from 
being broken or cracked due to the shaft, and can ensure 
large and stable fixing force for securing the shaft in a 

2 5 predetermined position on the magnet. Accordingly, it 
can be suitably adopted for a rotor having a relatively 
fragile magnet, such as a simply molded or bonded magnet. 
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CLAIMS 

1. A rotor for an electric motor, comprising: 
a magnet having a rotation axis, said 
magnet being provided with a through hole extending 
5 coaxially with said rotation axis; 

a shaft fixed concentrically to said 
magnet, said shaft including a portion fitted in said 
through hole, said portion having an axial 
interengagement length shorter than an axial length of 
10 said through hole; and 

reinforcing means provided at least inside 
said through hole for ensuring a fixing force to securely 
hold said shaft in a predetermined position in said 
magnet . 

15 2. A rotor as set forth in claim 1, wherein said 

magnet comprises an annular magnet material and a coating 
formed on a surface of said magnet material at least 
inside said through hole, and wherein said reinforcing 
means comprises said coating, said portion of said shaft 

20 being engaged with said coating in a face-to-face manner. 

3. A rotor as set forth in claim 2, wherein said 
coating is made of a metal plating* 

4. A rotor as set forth in claim 3, wherein said 
metal plating is an electroless plating, 

25 5. A rotor as set forth in claim 3, wherein said 

metal plating includes at least one of a Ni-P electroless 
plating, a Ni-B electroless plating and a Ni-P-W 
electroless plating. 

6. A rotor as set forth in claim 3, wherein said 
30 metal plating has a thickness of at least 10 |um. 

7. A rotor as set forth in claim 3, wherein said 
metal plating includes an electroless plating base layer 
and an electroplating top layer. 

8. A rotor as set forth in claim 7, wherein said 
3 5 electroplating top layer is a Ni electroplating. 

9. A rotor as set forth in claim 7, wherein said 
electroless plating base layer has a thickness in a range 
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of 0.5 jixm to 2.0 |iim. 

10. A rotor as set forth in claim 7, wherein said 
electroplating top layer has a thickness of at least 

3.0 jam . 

5 11. A rotor as set forth in claim 3, wherein said 

magnet material is made of a bonded magnet material. 

12. A rotor as set forth in claim 11, wherein a 
dimensional relationship between said axial 
interengagement length of said portion of said shaft and 

10 said axial length of said through hole is defined as 
T/5 ^ t g T/2, in which "T" is said through hole axial 
length and "t" is said axial interengagement length. 

13. A rotor as set forth in claim 11, wherein said 
portion of said shaft is tightly press-fitted in said 

15 through hole of said magnet, and wherein an interference 
of said portion in said through hole is in a range of 

5 |im to 30 |om. 

14. A rotor as set forth in claim 11, wherein said 
bonded magnet material is vacuum- impregnated with a 

20 bonding agent or filler. 

15. A rotor as set forth in claim 1, wherein said 
reinforcing means comprises an adhesive filled in a 
clearance defined between a reminder of said shaft other 
than said portion and said magnet inside said through 

25 hole. 

16. A rotor as set forth in claim 15, wherein a 
dimensional relationship between said axial 
interengagement length of said portion of said shaft and 
said axial length of said through hole is defined as 

30 T/5 ^ t ^ 4T/5, in which "T" is said through hole axial 

length and "t" is said axial interengagement length. 

17. A rotor as set forth in claim 15, wherein said 
adhesive is made of a thermosetting epoxy resin. 

18. A rotor as set forth in claim 15, wherein said 
35 magnet comprises an annular magnet material and a coating 

formed on a surface of said magnet material at least 
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inside said through hole, and wherein said reinforcing 
means further comprises said coating , said portion of 
said shaft being engaged with said coating in a face-to- 
face manner. 

5 19. A rotor as set forth in claim 18, wherein said 

coating is made of a metal plating. 

20. A rotor as set forth in claim 18, wherein said 
coating is made of an organic substance layer. 

21. A rotor as set forth in claim 18, wherein said 
10 magnet material is made of a bonded magnet material. 

22. A rotor as set forth in claim 1, wherein said 
magnet contains rare-earth elements. 

23. Method of producing a rotor for an electric 
motor, comprising the steps of: 

15 forming a coating on a surface of an 

annular magnet material and thereby providing a magnet 
having a rotation axis and a through hole extending 
coaxially with said rotation axis, said coating being 
arranged at least inside said through hole; 

2 0 providing a shaft including a portion 

capable of being fitted in said through hole; and 

inserting said shaft into said through 
hole of said magnet and tightly press-fitting said 
portion of said shaft in said through hole, until an 

2 5 axial interengagement length of said portion, shorter 

than an axial length of said through hole, is obtained. 

24. A method as set forth in claim 23, wherein said 
magnet material is made of a bonded magnet material, 
wherein said coating is a metal plating, and further 

3 0 including a step of vacuum- impregnating said bonded 

magnet material with an adhesive before said step of 
forming said coating. 

25. A method as set forth in claim 23, wherein an 
interference of said portion in said through hole is 

35 adjusted by changing a thickness of said coating. 

26. Method of producing a rotor for an electric 
motor, comprising the steps of: 
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providing a magnet having a rotation axis 
and a through hole extending coaxially with said rotation 
axis ; 

providing a shaft including a first 
5 portion capable of being fitted in said through hole and 
a second portion axially adjacent to said first portion 
for defining a clearance inside said through hole; 

inserting said shaft into said through 
hole of said magnet and fitting said first portion of 
10 said shaft in said through hole, until an axial 

interengagement length of said first portion, shorter 
than an axial length of said through hole, is obtained; 
and 

filling an adhesive in said clearance 
15 inside said through hole. 

27. A method as set forth in claim 26, wherein said 
adhesive is vacuum- impregnated into said clearance. 

28. A method as set forth in claim 26, wherein said 
magnet is made of an annular bonded magnet material, and 

2 0 further including a step of forming a coating on a 

surface of said bonded magnet material before said step 
of inserting said shaft. 
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ABSTRACT 

A rotor (10) for a miniature electric motor includes 
a magnet (12) having a rotation axis (14) and a 
5 shaft (16) fixed concentrically to the magnet. The 
magnet (12) includes a through hole (20) extending 
coaxially with the rotation axis (14), The shaft (16) 
includes a portion (24) fitted in the through hole (20). 
The portion (24) has an axial interengagement length (t x ) 

10 shorter than an axial length (T x ) of the through 

hole (20). The rotor (10) also includes reinforcing 
means provided at least inside the through hole (20). 
The magnet (12) comprises an annular magnet 
material (18), and a coating (22) formed on a surface of 

15 the magnet material and arranged at least inside the 

through hole (20). The reinforcing means is formed as 
the coating (22) of the magnet (12) f and acts to ensure a 
fixing force to securely hold the shaft (16) in a 
predetermined position on the magnet. 



09/673750 



Fig .1 




09/673750 



Fig .2 



10 




09/67375 



Fig .3 




09/673750 



Fig .4 




V 



09/673750 




(Finnegan)^^^^ 

Approved for use through 9/30/98. OMB 0651-0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995. no persons are required to respond to a confection of information unless it displays a valid OMB control number. 



Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 

B ^ In IE If II 



As a below named inventor. I hereby declare that: 



fl<D&m* Bfi1iZT&0}fL<DBz£>e)&lZl&i£$tl My residence, post office address and citizenship are as stated 

7c i$ V ~C~$~ e next to my name. 

T'3S048:^)5SW*3S3LTS5R«H^IS<J$ix % #ffttjjg I believe I am the original, first and sole inventor (if only one name 

is listed below) or an original, first and joint inventor (if plural 
names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 

ROTOR OF SMALL- SI ZED MOTOR 



ail- »*lF»3RaH**tf±EiriEawW*B»S:lftWL, 



the specification of which is attached hereto unless the following 
box is checked: 



□ was filed on April 23, 1999 



as United States Application Number or 
PCT International Application Number 
P CT/JP99/02189 and was amended on 
(if applicable). 



I hereby state that I have reviewed and understand the contents of 
the above identified specification, including the claims, as 
amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56. 



Page I of.- 4 

Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time will vary depending upon the needs of the individual case. Any comments on the 
amount of time you are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark Office, Washington DC 2023 1 DO NOT 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner of Patents and Trademarks, Washington DC 2023 1 



' 1 Approved for use through 9/30/98 OMB 0651-0032 

Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1 995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

Japanese Language Declaration 

( 0 ^niss) 



iSLTv^ -5 7?«fi 3 6 5 (a)JSSlc*-r<HRSiiiia. X 
Tic. ^^-^tclK*, ^LTt^t, 



Prior Foreign Application(s) 

10-113043 (Pat. Appln .) _ 

(Number) 

- 

10-249376 (Pat. Appl n.) 

(Number) 
(#*) 



Japan 



(Country) 
Japan 



(Country) 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign appiicatton(s) for patent 
or inventor's certificate, or 365(a) of any PCT international 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Not Claimed 

23/April/l 998 

(Day/Month/Year Filed) ~ 
H) 

3/September/1 998 



(Day/Month/Year Filed) 



I hereby claim the benefit under Title 35, United States Code, 
Section 113(e) of any United States provisional appiication(s) listed 
below. 



(Application No.) 



(Filing Date) 



&fi. TSE<7»fe®i£*MS 3 5*51 2 O^Kl^TTIEO* 
^^W^icX^Snfc. a*58l»]i?ft*3 7 *g 13b 5 6 31 



(Application No.) 



(Filing Date) 



! hereby claim the benefit under Title 35, United States Code. 
Section 120 of any United States appiication(s), or 365(c) of any 
PCT International application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code Section 112, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of the 
prior application and the national or PCT international filing date of 
application. 



(Application No.) 



(Application No.; 



(Filing Date) 
(fflJSB) 

(Fiiing Date) 



(Status: Patented, Pending, Abandoned) 



(Status: Patented, Pending, Abandoned) 



i 8«»i o o l^Kia-fe. niASfcttfti*, t>L<a* 

co^{±36^^£C££S3ltL, J: o T r C iZ±tt<D Z' t 
<I*«rftL2t. 



I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 



Page 2 of . 4 



Japanese Language Declaration 



POWER OF ATTORNEY: As a named inventor, i hereby 
appoint the following attomey(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith, (fist agent's name(s) 
and registration number(s)) 



1NNEGAN, HENDERSON. FARABOW, GARRETT & DUNNER, Reg. No. 22,540, Dougtas B. Henderson, Reg. No.„20^9lLFord F. Farabow, Jr., Reg. No. 
£0,63Qijirthur S, Garrett, Reg. No.J>OJ33&, Donald R. Dunner, Reg. NoJ^OT^L Brian G. Brunsvold, Reg. No^ 22,593: Tipton D. Jennings, IV, Reg. No. 
20,645^Jerry D. Voight, Reg. No.^3J&QLLaurence R. Hefter, Reg. No. 20,827; K enneth E. Payne, Reg. Nq^23LP5ai.Herbert H. Mintz, Reg. No. 2&S91; C. 
Larry O'Rourke, Reg. N^2j3£l^AJbert J. Santorelli, Reg. No. 2 2,610; Michael C. Eimer, Reg. N a 25.857L Richard H. Smith, Reg. Na Stephen L 

Peterson, Reg. No^,32§btohn M. Romary, Reg. No^ajSSl^Bruce C. Zotter, Reg. Na^27,fifif); Dennis P. O'Reilley, Reg. Nq^27,932^Allen M. Sokal, Reg. 
N026J95; Robert D. Bajefsky, Reg. No.J&3££-Richard L Stroup, Reg. No v 28 J 4Z&*David W. Hill, Reg. NoJ2JL2^Thomas L Irving, Reg. No. 28,619; 
CharlesE. Lipsey, Reg. No : _28 1 16§L.Thornas W. Winland, Reg. Na_27 1 6Q^ Basil J. Lewris, Reg. Na 26,81 6; Martin I. Fuchs, Reg. No.J g8,508; E. Robert 
Yoches, Reg. Na 30,120; Barry W. Graham, Reg. No. 2 9,924; S usan Haberman Griffen, Reg. No^jSfOJiOZ; Richard B. Racine, Reg. No. 30.415,1 Thomas H. 
Jenkins, Reg. No._3QJ15£. Robert E. Converse, Jr., Reg. No L 2 7,432; C lair X. Mullen, Jr., Reg. N a 20.348: Christopher P. Foley, Reg. N o. 31,354 ; John C. 
Paul, Reg. N o. 30,413; Roger D. Taylor, Reg. No . 28,992; D avid M. Kelly, Reg. No^30 J! 953^Kenneth J. Meyers, Reg. No. 25,146; Carol P. Einaudi, Reg. No. 
32,220; Walter Y. Boyd, Jr., Reg. No^SlrZSS* Steven M. Anzaione, Reg. No^2,095*Jean B. Fordis, Reg. No. 32,984 ; Barbara C. McCurdy, Reg. No. 32. 120; „ 
James K. Hammond, Reg. NoJSl^fi^; Richard V. Burgujian, Reg. No. 31 ,744 ; J. Michael Jakes, Reg. N o. 32,824 ; Thomas W. Banks, Reg. Na 32,719 ; M. 
Paul Barker, Reg. No.^*Q13r-Bryan C. Diner, Reg. No. 32,409; Christopher P. Isaac, Reg. No. 32.616: A ndrew C. Sonu, Reg. No. 33, 457; D irk D. Thomas, 
Reg. No. 32,600 



»«<Di£tf5fc : 



Send Correspondence to: 



FI NNEGAN, HENDERSON. FARABOW. GARRETT & DUN NER, LLP. 

1300 I ^STRE ET N.W. 
WASHINGTON, D.C. 200 05-331 5 



Direct Telephone Calls to: (name and telephone number) 



ARTHUR S. GARRETT 
202-408-4091 



Full name of sole or first inventor 



Junji Sato 



an 



Inventor's signature 



Sate 



Date 

October 13, 3000 



Residence 



^tor5zaMishi>-' Saitama> Jatpan 



Try 



Citizenship 

Japanese 



Post Office Address 

&f<y "-WKPGET GQv j I/rp; , ^cfinical 



Laboratory^ -340, Aza Takeno, Oaza Shimotonii 
ToJcorozawa-sFii , Saitama 359-8511 , Japan 



Full name of second joint inventor, if any 

Eikichi Sashida 



an 



Second inventor's signature 



Date 

October 



13, 2000 



SB? 



Residence, 

J ^^sfei--sha- ^ Tokyo, Japan 



mn 



Citizenship 

Japanese 



Post Office Address 

c/o CITIZEN' TOfflQi 4X)'.y -MD;y Tanashi - Factory 



,1-12,, Hbncho 6-chome, Tanashi-shi , 
-Tokyo" T&8-851 1 , Japan 



{^H*/ctt-*tiJa»co*RlSW#C3^ UT*)|pitlt4fl»R (Supply similar information and signature for third and 
X Xfm% $Mt5^o) t subsequent joint inventors.) 
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Full name of third joint inventor, if any 

Hideharu Miyauchi 








Third inventor's signature g i Date 

m.JjL%lUUL 7}U4&MCtli October 13, 


2000 


&m 


Residence " U ^ 

33ana^i-rsh±» 'Tokyo* Japan jfy 




mn 


Citizenship 

Japanese 






Post Office Address 

e/o- GI^l2EW WATCH 09. ^cLTO/^^nashi Facto 


ry, 




.1 -1 2 , Honcho 6-chome, Tanashi-shi, 
Tokyo 188-8511 , Japan 











Full name of fourth joint inventor, if any 

Yousuke Sakakibara 










Fourth inventor's signature Date 

( 40UAm JL *&kh&Li&0JV&- October 13, 


2000 




Rp^icJence 

;i3ctorc^awa^^ili Saitama, - Japan--; ^'f^ 




mil 


Citizenship 

Japanese 






Post Office Address 

g/p^CJTS^J^!C^^Vji^^j Technical _ , 






Laboratory, 840 , Aza Takeno, Oaza Shimotot 
06kbro^awa-shi, Saitama 359-8511, Japan 









Full name of fifth joint inventor, if any 

Hiroshi Ikeda 




at* 




Fifth inventor's signature Date 

J/feflfo- October 13, 








Residence 

Tokoro^awa-sM y vSai~tamaj, Japan ^ZfX 


mn 


Citizenship 

Japanese 




Post Office Address 

6h$> 'GH?I ZEN MTGH" CD < "LTD . _> TfecMical 




Labqratory, -840, Aza Takeno, Oaza Shimotom: 
Tokbrofeawa-shi , Saitama 359-851 1 , Japan 









t EigcfeC Hashimoto Tr*H 

Full name of sixth joint inventor, if any — ^ — \ 










ExXfl-©^ Ho^U/TfVV^^ October 13, 

Sixth inventors signature Date 


2000 




TokG£asa5!^ghi T : SaitamaT Jap&n- s? nJ 
Residence ^ f /< 






citizenship Japanese 






c/e ClTIZEH^mTCH CD^,;Lm.^- ^clinical 

Post Office Address 






Laboratory/ 840, Aza Takeno, Oaza Shimotorr 
Tokorozawa-shi , Saitama 359-851 1 , Japan 


if 



(fg-b * fctt Z n«ft<D*lRlSW#C# LTfe[3$$£1f $g (Supply similar information and signature for seventh and 
KXfm* £ mt&t ZZto) subsequent joint inventors.) 



Page4aoU:4 



